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PROBLEM TO BE SOLVED: To provide a method to 
prevent global warming. 

SOLUTION: Plasma etching is performed by diluting PFC 
gas with a rare gas. 
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SPECIFICATION <EXCERPT> 

[0005] 

[Means to Solve the Problems] 

The present invention is characterized by a method for 
manufacturing a semiconductor device. The method includes the 
step of processing a thin film formed on a substrate into a 
predetermined shape by using a plasma etching method. A thin 
film is formed on a substrate and subsequently the substrate is 
placed into a reaction chamber of a plasma etching device. Plasma 
is generated from mixed gas including rare gas and etching gas to 
process the thin film into a predetermined shape. The thin film is, 
for example, a semiconductor such as silicon (Si), a metal such as 
tantalum (Ta), or an insulating film made of silicon oxide (Si0 2 ) or 
silicon nitride (Si 3 N 4 ). The etching gas is, for example, 
perfluorocompound gas (PFC gas) such as nitrogen trifluoride (NF 3 ), 
sulfur hexafluoride (SF 6 ), or fluorinated carbon (CF 4 , C 2 F 6/ CHF 3 , 
C3F8), and the rare gas is, for example, helium (He) or argon (Ar). 
The proportion of the etching gas in the mixed gas is set to be 
approximately from 1% to 10%, and preferably approximately from 
1% to 6%, and more preferably approximately from 1.5% to 4.5%, 
and the ideal range is approximately from 2% to 4%. Examples of 
plasma source in the plasma etching device are: a radio frequency 
(rf) wave having a frequency of 13.56 MHz or an integral multiple 
thereof, a very high frequency (VHF) wave, or a microwave having a 
frequency of 2.45 GHz. 
[0006] 

[Embodiments of the Present Invention] 

A derivative thin film such as a silicon oxide thin film or a 
silicon nitride thin film, a semiconductor thin film such as a silicon 
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thin film, or a metal thin film such as a tantalum thin film is formed 
on the substrate. Subsequently, on the resulting thin film, a 
protection film is formed into a desired shape by using a photoresist, 
etc. in a photolithography process. Next, this substrate is placed in 
the reaction chamber of the plasma etching device, and then parts of 
the thin film where the protection film is not covered are removed by 
etching to process the thin film to have a predetermined shape. At 
the time of etching the thin film, mixed gas including rare gas and 
etching gas is introduced into the reaction chamber, and this mixed 
gas plasma is used for etching the thin film. 

[0007] The rare gas used for etching may be helium (He), neon 
(Ne), argon (Ar), krypton (Kr), or xenon (Xe), but helium is most 
preferably used for generating a stable plasma, and argon is 
preferably used for reducing manufacturing costs. Particularly, 
when argon is used in a parallel flat plate plasma etching device 
using a radio frequency, the effect of easily accomplishing etching of 
a thin film can be obtained even when the rf output is low. When 
krypton or xenon is used as rare gas, active atoms participating in 
etching are effectively generated from the etching gas, and thus the 
effect for accelerating the etching can be obtained. The etching gas 
is, for example, perfluorocompound gas (PFC gas) such as nitrogen 
trifluoride (IMF 3 ), sulfur hexafluoride (SF 6 ), or fluorinated carbon 
(CF 4 , C 2 F 6 , CHF 3 , C 3 F 8 ). Nitrogen trifluoride has less influence 
(global warming potential (GWP) value is 8000) on global warming 
among the PFC gases, and thus it contributes to prevent global 
warming. Sulfur hexafluoride has a superior etching effect, and 
therefore fine plasma etching can be accomplished even with a small 
amount. Since the toxin of sulfur hexafluoride can be removed 
relatively easily by combusting the exhaust gas or washing off the 
toxin with water, the atmospheric discharge amount of the PFC gas 
can be minimized. 

[0008] For the plasma source of the plasma composed of the 
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mixed gas including rare gas and etching gas, a radio frequency 
wave (rf: 13.56 MHz or a frequency of its positive multiple, such as 
27.12 MHz), or a very high frequency wave (VHF: an 
electromagnetic wave having a frequency of approximately 100 MHz 
to several hundreds MHz), or a microwave (an electromagnetic wave 
having a GHz frequency band of 2.45 GHz or 8.3 GHz, etc.). When 
a very high frequency or a microwave is used, the plasma density 
increases, and thus plasma etching progresses more rapidly. 
However, for a general plasma etching device capable of handling a 
large substrate used in the liquid crystal industry, such as a 
substrate with a size of 550 mm by 650 mm, a radio frequency wave 
represented by 13.56 MHz is most preferably used. 

************************************************** 

[0013] The plasma etching device used for the present 
invention uses the most versatile frequency of 13.56 MHz. However, 
other radio frequency that is an integral multiple frequency of 13.56 
MHz may be used. For example, a doubled frequency of 27.12 MHz, 
a tripled frequency of 40.68 MHz, or a quadrupled frequency of 
54.24 MHz may be effective. Further, a VHF of approximately 100 
MHz to 1 GHz may be used. When the frequency is within a range 
of a radio frequency of approximately 10 MHz to a VHF of several 
hundreds MHz, plasma can be generated between the parallel flat 
plate electrodes. Therefore, plasma can be easily generated by 
using a desired radio frequency by replacing the radio frequency 
generator of the plasma etching device used for the present 
invention with an impedance matching circuit. 
[0014] In Example 1, a substrate is placed in a reaction 
chamber in which a lower plate electrode is kept at a temperature of 
375 °C. The condition in the reaction chamber is the same as in the 
etching process except for generating plasma. Specifically, 100 
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SCCM of nitrogen trifluoride (NF 3 ) and 4900 SCCM of helium (He) is 
introduced into the reaction chamber, and the pressure of the 
reaction chamber is kept at 0.5 Torr. The distance between the 
parallel flat plate electrodes is 37.0 mm. The surface temperature 
of the amorphous silicon substrate after the placed substrate is 
balanced with such kind of condition is 350°C. After the placed 
substrate and the treatment chamber reached to a balanced state, a 
radio frequency is applied to the upper flat plate electrode to 
generate plasma, and then the thin film on the substrate surface is 
etched. The output of the radio frequency is 1300 W. 
Accordingly, the following is an example for the etching condition. 
[0015] Flow rate of nitrogen trifluoride: NF 3 =100 SCCM 
Flow rate of helium : He=4900 SCCM (2.0% concentration of etching 
gas) 

Radio frequency output: RF=1300 W (0.49 W/cm 2 ) 
Pressure: P=0.5 Torr 

Distance between electrodes: S=37.0 mm 
Temperature of lower flat plate electrode: Tsus=375 °C 
Temperature of substrate surface: Tsub=350°C 
Plasma processing time: t=25 seconds 
Under this condition, the silicon film is etched by 69 nm. 
[0016] In the following, an amorphous silicon film is etched for 
the respective plasma treatment time of 10 seconds, 15 seconds, 
and 20 seconds to check the etching rate. Further, the same 
plasma treatment is performed to the amorphous silicon film except 
that argon is used as rare gas instead of helium used in the previous 
example. Moreover, for comparison, the same amorphous silicon 
film is checked for its etching rate in a conventional plasma etching 
method whose concentration of the etching gas is considered to be 
100%. The condition for the conventional plasma etching has been 
considered to be the best etching condition, and is described as 
follows. 
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[0017] Flow rate of nitrogen trifluoride: NF 3 =1000 SCCM 

(100% concentration of etching gas) 

Radio frequency output: RF=1300 W (0.49 W/cm 2 ) 

Pressure: P=0.5 Torr 

Distance between electrodes: S=37.0 mm 

Temperature of lower flat plate electrode: Tsus=375°C 

Temperature of silicon substrate surface: Tsub=350°C 

Plasma processing time: t=10 seconds, or 15 seconds, 20 seconds, 

25 seconds. 

The obtained result is shown in FIG. 1. In FIG. 1, the line 
labeled as W NF 3 2% & He 98%" corresponds to the present invention 
in which helium is used as rare gas, the line labeled as "NF 3 2% & Ar 
98%" corresponds to the present invention in which argon is used as 
rare gas. Further, in FIG. 1, the result of the conventional etching 
by using nitrogen trifluoride for 100% is also shown for comparison 
(labeled as "NF 3 100%" in FIG. 1). As is clear from FIG. 1, the 
present invention easily provides the equivalent etching property as 
that of the conventional etching using PFC gas for 100% when the 
plasma etching time is set to be approximately 15 seconds or more, 
even when the PFC gas concentration is 2%, i.e., the fiftieth part of 
the conventional one. Thereby, the present invention can reduce 
the amount used for the PFC gas which may be the main cause of 
global warming to several tenths of the conventional amount. 
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